By using the notion of interval-valued intuitionistic fuzzy relations, we form the poset (IVIR(X), ≤ ) of intervalvalued intuitionistic fuzzy relations on a given set X. In particular, we form the subposet (IVIE(X), ≤ ) of interval-valued intuitionistic fuzzy equivalence relations on a given set X and prove that the poset (IVIE(X), ≤ ) is a complete lattice with the least element and greatest element.
Introduction
After the introduction of the concept of fuzzy sets by
Zadeh [7] , several researchers were concerned about For every M ∈ D(I), the complement of M , denoted the generalizations of the notion of fuzzy sets, e.g., by M C , is defined by
intuitionistic fuzzy sets [1] ,interval-valued fuzzy sets [3, 8] and interval-valued intuitionistic fuzzy sets [2] . In Definition 2.1 [3, 8] . Let X be a given nonempty set. [5] , the topology of interval-valued fuzzy sets(IVF) is A mapping A = [A L , A U ] : X D(I) is called an indefined, and some of its properties are discussed by terval valued fuzzy set ( briefly, → IVFS) in X, where A L Mondal and Samanta. Moreover, in [6] , they applied and A U are fuzzy sets in X satisfying A L (x) ≤ A U (x) the concept of interval-valued intuitionistic fuzzy sets and A(x) = [A L (x), A U (x)] for each x ∈ X. to topology. Recently, Hur et al [4] studied intervalvalued fuzzy relations in the sense of a lattice theory.
It is clear that every fuzzy set A in X is an IVFS In this paper, by using the notion of interval-of the form A = [A, A]. For any [a, b] ∈ D(I), the valued intuitionistic fuzzy relations, we form the poset IVFS whose value is the interval [a, b] for all x ∈ X is (IVIR(X), ≤ ) of interval-valued intuitionistic fuzzy denoted by [a, b] � . In particular, for any a ∈ [0, 1], the relations on a given set X. In particular, we form IVFS whose value is a = [a, a] for all x ∈ X is denoted the subposet (IVIE(X), ≤ ) of interval-valued intu-by simplyã. For a point p ∈ X and for [a, b] ∈ D(I) itionistic fuzzy equivalence relations on a given set X with b > 0, the IVFS which takes the value [a, b] at p and prove that the poset (IVIE(X), ≤ ) is a complete and 0 elsewhere in X is called an interval-valued fuzzy lattice with the least element and greatest element.
point (briefly, an IVF point) and is denoted by p [a,b] . In particular, if b = a, then it is also denoted by p a . We will denote the set of all IVFSs and the set of all
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IVF points in X as D(I) X or IVF(X) and IVFp(X) respectively.
Let D(I) be the set of all closed subintervals of the unit interval I. The elements of D(I) are generally Notation. Let X = {x 1 , x 2 , , x n }. Then A = · · · denoted by capital letters M, N, , and note that ([a 1 
and upper points respectively. Especially, we denote i = 1, 2, , n.
, and a = [a, a] for every a ∈ (0, 1). We also note that Definition 2.2 [3, 5] . Let X be a nonempty set and 접수일자 : 2010년 8월 4일  완료일자 : 2011년 2월 5일  3 Corresponding author  2000 Mathematics Subject Classification of AMS : 03E72,  04A72 .
Result 2.A [5, Theorem 1] . Let X be a nonempty set and let A, B, C, 
The following is the immediate result of the above definition. Definition 2.4 [2] . Let X be a nonempty sets. Then a mapping A :
We will denoted the set of all IVIFSs in X as (
Interval-valued intuitionistic fuzzy relations
Definition 3.1. Let X and Y be nonempty sets.
Then a mapping
In particular, an IVIFR from X to itself is called an IVIFR in X and we will denote the set of all IVIFRs in X as IVIR(X). Then we can easily see that R is an IVIFR from X to Y .
Definition 3.3. Let R be an IVIFR from X to Y and let S be an IVIFR from Y to Z. Then the composition of R and S, denoted by S R, is an IVIFR from X to
The following is the immediate result of Definition 3.2 and 3.3.
The following is the immediate result of Proposition 3.4 (a).
(ii) interval-valued intuitionistic fuzzy symmetric if
• (iv) an interval-valued intuitionistic fuzzy equivalence relation (in short, IVIFER) in X if it satisfies the conditions (i), (ii) and (iii).
We will denote the set of all IVIFERs in X as IVIE(X). The following is the immediate of Definition 3.5 and Proposition 3.4.
(a) If R is interval-valued intuitionistic fuzzy reflexive [resp. symmetric, transitive], then so are R −1 and R R.
•
(c) If R and S are interval-valued intuitionistic fuzzy reflexive [resp. symmetric, transitive], then so is R∩S.
(d) If R and S are interval-valued intuitionistic fuzzy symmetric, then so is R ∪ S.
The following are the immediate result of Proposition 3.6 (a), (b) and (c).
Proposition 3.7. Let S be an interval-valued intuitionistic fuzzy reflexive relation in a set X. Then R ⊂ S • R and R ⊂ R • S ∀R ∈ IVIR(X).
• Proposition 3.8. Let R, S ∈ IVIR(X), let R be interval-valued intuitionistic fuzzy reflexive and let S be interval-valued intuitionistic fuzzy reflexive and transitive. Then R ⊂ S if and only if R S = S (In • particular, if R and S ∈ IVIE(X), this holds).
• ( ) : Suppose R S = S. Then we can easily see
Proposition 3.9. Let R and S be interval-valued intuitionistic fuzzy reflexive relation in a set X. Then R S is interval-valued intuitionistic fuzzy reflexive.
Similarly, we have that µ R•S U (x, x) ≥ 1 and
• Theorem 3.10. Let R, S ∈ IVIE(X). Then R • S ∈ IVIE(X) if and only if R S = S R.
• Similarly, we have that
• • Thus R S = S R.
• • ( ) : Suppose the necessary condition holds. Then, ⇐ by Proposition 3.9, it is clear that R S is interval-
• Similarly, we have that µ R S U (x, z) = µ R S U (z, x) and
• On the other hand,
[By the hypothesis and Proposition 3.4 (b)] Then R S is interval-valued intuitionistic fuzzy tran-• sitive. Hence R • S ∈ IVIE(X).
Proposition 3.11. Let {R α } α∈Γ ⊂ IVIE(X). Then R α ∈ IVIE(X). But, in general, R α need not α∈Γ α∈Γ be an IVIFER in X.
Proof. Let R = R α and let x ∈ X. Then
It is clear that R is interval-valued intuitionistic fuzzy symmetric.
Thus R So R is interval-valued intuitionistic fuzzy transitive. Hence R = R α ∈ IVIE(X).
• R ⊂ R. � α∈Γ Example 3.11. Let X = {a, b, c} and let R and S be the IVIFRs in X given by the following matrices, respectively : Then clearly R, S ∈ IVIE(X) and R ∪ S is the IVIFR in X given by the following matrix : On the other hand,
.
Let R ∈ IVIE(X) and let a ∈ X. We define the mapping Ra : X D(I) D(I) as follows : For each → x ∈ X, Ra(x) = R(a, x). Then clearly Ra is an IVIFS in X. In this case, Ra is called the interval-valued intuitionistic fuzzy equivalence class of R containing a. The set {Ra : a ∈ X} is called the interval-valued intuitionistic fuzzy quotient set of X by R and denoted by X/R. (c) Ra = 1.
a∈X ∼ (d) There exists the surjection π : X X/R (called → the natural mapping) defined by π(x) = Rx for each x ∈ X.
Proof. (a) ( ) : Suppose
The proofs of (b), (c) and (d) are easy.
4.
The interval-valued intuitionistic fuzzy equivalence relation generated by an IVIFR Definition 4.1. Let R ∈ IVIR(X) and let {R α } α∈Γ ⊂ IVIE(X) such that R ⊂ R α for each α ∈ Γ. Then R α is called the IVIFER generated by R and de-α∈Γ noted by R e . It is clear that R e is the smallest IVIFER containing R. Definition 4.2. Let R ∈ IVIR(X). Then the intervalvalued intuitionistic fuzzy transitive closure of R, denoted by R, is the IVIFR in X defined as follows :
The following is the immediate result of Definition 4.2. 
The following is the immediate result of (b) and (d) in Proposition 3.6. 
[By Definition 3.5 and Proposition 3.6 (b)]
• • Definition 4.6. We define two mappings �, � : 
The following result give another description for R ∨ S of two IVIFERs R and S.
interval-valued intuitionistic fuzzy symmetric. Thus, by Proposition 4.4, S is interval-valued intuitionistic fuzzy symmetric. Hence S ∈ IVIE(X). Now let 
Hence R e = ∼ S. This completes the proof.
Proposition 4.8. Let R, S ∈ IVIE(X). We define R ∨ S as follows :
where R ∨ S denoted the least upper bound for {R, S} w.r.t. the inclusion "⊂ ". • R ∨ S = [R ∪ S] . Then R ∨ S ∈ IVIE(X).
Proof. By Proposition 4.3 (a), R ∨ S is intervalvalued intuitionistic fuzzy transitive. Since R and S are interval-valued intuitionistic fuzzy symmetric, by Proposition 3.6 (d), R ∪ S is interval-valued intuitionistic fuzzy symmetric. Thus, by Proposition 4.4, R ∨ S is interval-valued intuitionistic fuzzy symmetric. Let
[Since R and S are reflexive] = [1, 1] and
Now let P ∈ IVIE(X) such that R ⊂ P and S ⊂ P . Let x, y ∈ X. Then µ
Similarly, we have that µ R•S U (x, y) ≤ µ P U (x, y) and ν R•S U (x, y) ≥ ν U (x, y). 
